Abstract
Introduction

18
The disposal of waste in landfills constitutes the last option widely studied [1] [2] [3] [4] , the leachate from security landfills for 28 industrial waste has been studied to a much lesser degree 29 [5].
30
In inorganic waste landfills, the main process that takes 31 place as a result of rainfall is the solubilization and subsequent 32 run-off of the components present. The leachate generated at 33 this type of landfill is characterized by relatively high ini-34 tial concentrations of salts; sulphates and chlorides may be 
Materials and methods
106
Composition of the leachates
107
The leachate used in both the batch and column experi-108 ments came from cogersa's security landfill for inorganic 109 industrial waste. It was collected from the homogenization 110 pond in which it is stored. Its composition is given in Table 2 . 111 The same leachate was used in batch experiments in 112 order to select the best exchange material. In the column 113 experiments, leachates with different compositions were used 114 which had been collected at different times of the year. 115 The aim was to take representative samples of the different 116 compositions that this wastewater may present throughout 117 the year due to the different types of waste being disposed 118 of. 
Chemical analyses
120
The parameters analyzed in the leachates were: pH, con-121 ductivity, total alkalinity (TA) 
Cd and Zn removal in packed beds
217
In light of the results obtained, the chelating resin Amber- for Zn, the opposite of what occurred in the batch experi-234 ments. This may be due to the concentration of Zn being 235 higher than that of Cd in the batch experiments and to the 236 possibility of the existence of different complexes in the 237 leachates (since the leachate employed in the batch and col-238 umn experiments did not have the same composition). For 239 divalent cations, selectivity of the complexes formed with 240 the iminodiacetate active group of the resin increases as 241 follow:
This order applies in the case of metals not forming com-245 plexes with the anions in the solution. If, on the other hand, 246 they do, then the order changes slightly [24, 25] .
247
It was also observed that there existed a fraction of both 248 Cd and Zn that the chelating resin was not able to remove, 249 which had already appeared from the commencement of the 250 loading step of the ion exchange process. If we compare the 251 results obtained with respect to the removal of Cd by the resin, 252 very marked differences are not observed in the treatment of 253 the three leachates under study, obtaining treated effluents 254 with a residual concentration of Cd ranging between 0.1 and 255 0.3 mg/l. The leachates studied presented important concen-256 trations of chloride, sulphate and carbonate ions, above all 257 in the case of leachates 2 and 3 ( 264 and sulphate ions (15 mg/l). In the aforementioned leachate, 265 64% of the dissolved Cd was found forming inorganic com-266 plexes (mainly with chloride ions, which are the ones that 267 were found at the highest concentration), 19% as free ions 268 (Cd 2+ ) and 17% associated with organic matter. As regards 269 the tendency of Cd to form chlorinated complexes, Petrangeli 270 et al. [37] observed that the Cd present in the leachate from 271 municipal waste was found mainly forming complexes with 272 acetate, chloride and carbonate ions. Gómez-Serrano et al. 273 
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As can be seen in Table 4 , if we establish the breakthrough 336 point in the loading step at a concentration of Cd in the treated 337 effluent equal to 0.1 mg/l, 510 BV of Leachate 1 may be 338 treated and up to 640 BV of Leachate 2. With Leachate 3, 339 the ion exchange process would allow us to obtain a treated 340 effluent with a concentration in Cd of 0.3 mg/l. In this case, in 341 compliance with current legislation, it would not be possible 342 to discharge the obtained effluent into a public watercourse, 343 although it would be possible to do so into a public sewage 344 system.
345
As regards the regeneration of the resin (Fig. 5 ), significant 346 changes were not observed in the treatment of the different 347 leachates, achieving regeneration percentages of between 75 348 and 84% with respect to Cd and between 61 and 75%, with 349 respect to Zn, with only 11BV of 2 M HCl. Thus, by applying 350 this process to this type of leachate, concentration factors of 351 58 may be achieved (Table 4) , obtaining a treated effluent 352 with a concentration in Cd and Zn lower than 0.1 and 3.0 mg/l, 353 respectively. 
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